Introduction
============

As a kind of anti-apoptosis protein, survivin is critical to cell apoptosis ([@b1-etm-0-0-5740]). Also, survivin is a member in inhibitor of apoptosis protein (IAP) family, and was separated via hybridization screening of cDNA of the effector cell protease receptor-1 (EPR-1) with the human genome library by Chen ([@b2-etm-0-0-5740]). Survivin is specifically expressed in the G2/M phase ([@b3-etm-0-0-5740]), and correlated with the inhibition of cell apoptosis ([@b2-etm-0-0-5740]--[@b4-etm-0-0-5740]), cell cycle regulation ([@b5-etm-0-0-5740],[@b6-etm-0-0-5740]) and drug resistance of tumors ([@b7-etm-0-0-5740]--[@b9-etm-0-0-5740]). Over the years, studies of survivin mostly focus on the solid tumors ([@b10-etm-0-0-5740]) and the leukemia of adults, and few studies reported acute leukemia (AL) of children, especially those on the polymorphism level. Single nucleotide polymorphism (SNP) can result in the variation in transcriptional activity of genes, and some SNPs in coding sequence of protein can affect the amino acid sequence of the key genes after translation, thereby altering the protein functions and further affecting the susceptibility of individuals to the disease ([@b11-etm-0-0-5740]). In this study, we investigated the correlation between the SNP of survivin and the AL of children, so as to provide theoretical support for prophylaxis of leukemia.

Materials and methods
=====================

### Subjects

We collected 100 peripheral blood specimens from AL children ([@b12-etm-0-0-5740]), and 82 peripheral blood specimens from the children with acute myelogenous leukemia (AML) ([@b13-etm-0-0-5740]). This study was approved by the Ethics Committee of SunYat-Sen University (Guangdong, China). Signed informed consents were obtained from the patients\' guardians. In these children, there were 101 males and 81 females aged between 45 days and 18 years (median age of 7.55 years). In addition, the peripheral blood samples collected from 200 healthy blood donators were enrolled as the control group. All blood samples were treated with heparin sodium and preserved at −80°C.

### Extraction of whole blood genomic DNA

In accordance with the methods in literature, we extracted the genomic DNA from 3 ml of blood, and assayed the concentration and purity of DNA with ultraviolet spectrometer and through agarose electrophoresis, in which the concentration of DNA was adjusted to 100 µg/ml. Thereafter, DNA was preserved at −20°C for later use.

### Identification of survivin SNPs

After reviewing the relevant literature, we found that the family of glutathione S-transferases (GSTs) ([@b14-etm-0-0-5740]) is involved in antagonizing the toxicity of mutagens, which is correlated with the distribution of GSTM1 polymorphism in the population.

### Detection of the genotypes of GSTM1 and GSTT1

According to the nucleotide sequence of human GSTM1 and GSTT1 in National Center of Biotechnology Information (NCBI) database, the primers were designed with primer 5. GSTM1 forward, 5′-GACTCCCTGAAAAGCTAAAGC-3′ and reverse, 5′-GTTGGGCTCAAATATACGGTCG-3′; GSTT1 forward, 5′-TTCCTTACTGGTCCTCACATCTC-3′ reverse, 5′-TCACCGGATCATGGCCAGCA-3′. Albumin gene was used as the internal reference (forward, 5′-GCCCTCTGCTAACAAGTCCTAC-3′ and reverse, 5′-GCCCTAAAAAGAAAATCGCCAATC-3′). Reaction was carried out in a 50 µl amplification system \[25 µl Ex Taq + 19 µl ddH~2~O + 2 µl forward primer (10 mM) and 2 µl reverse primer (10 mM) + 2 µl genomic DNA\] under the following reaction conditions: 94°C for 5 min followed by a total of 30 cycles (94°C for 30 sec, 56°C for 45 sec and 72°C for 1 min) and extension at 72°C for 10 min, in which water was added in the negative control group. Five microliters of amplification product was taken for 1.0 agarose electrophoresis (300 V, 15 min) and stained with ethidium bromide (EB) followed by photographing with a gel imaging analyzer and image preservation.

### Statistical analysis

Chi-square test was performed for comparison of data with the GSTM1/T1 homozygous deletion genotype as control, and we calculated the odds ratio (OR) and 95% confidence interval (95% CI).

### Identification of the alleles C and G in SNPs of rs9904341C/G and rs8073069C/G in survivin

In this study, 182 AL children 15 and 200 healthy volunteers were enrolled as subjects, and in accordance with the case-control method, we extracted 5 ml peripheral venous blood and recorded the material of these subjects. Phenol extraction method was applied in DNA extraction from peripheral blood, and genetic typing was performed for SNPs, rs9904341C/G and rs8073069C/G ([@b15-etm-0-0-5740]--[@b18-etm-0-0-5740]), through polymerase chain reaction-ligase detection reaction (PCR-LDR) ([@b19-etm-0-0-5740]). Primer of rs9904341C/G on survivin forward, 5′-CGCCTCTACTCCCAGAAGGC-3′ and reverse, 5′-GAGATGCGGTGGTCCTTGAGAA-3′. Primer of rs8073069C/G on survivin forward, 5′-TCGTGCAGTCAACGATGTACT-3′ and reverse, 5′-ACAGGAGAGCTTTACAGGGTG-3′.

PCR reaction system for PCR-LDR products of rs9904341 and rs8073069: 2 µl PCR products + 1 µl 10X Taq DNA ligase buffer + 0.125 µl Taq DNA ligase (40 U/µl) + 10 µl probe (10 bp, 0.01 µl/probe and diluted to 10 µl with water). Reaction conditions: denaturation at 95°C for 3 min followed by 30 cycles with two temperatures in each cycle, 94°C for 30 sec and 56°C for 3 min.

### Sequencing

Sequencing was performed on ABI3730XL sequencer (SeqGen; Inc., Torrance, CA, USA). Briefly, 1 µl ligation product was added into 10 µl loading buffer with the corresponding marker followed by denaturation at 95°C for 3 min. Thereafter, the product was placed in the ice bath and used for data analysis with GeneMapper^®^ Software (Thermo Fisher Scientific, Inc., Waltham, MA, USA).

Results
=======

Results of electrophoresis are shown in [Fig. 1](#f1-etm-0-0-5740){ref-type="fig"}. The amplification fragments of GSTM1, GSTT1 ([@b20-etm-0-0-5740]) and Albumin were 215, 480 and 350 bp, respectively. As for GSTM1, homozygous deletion was recorded as GSTM/T1-0, and heterozygous deletion as GSTM-1. In the AL children, homozygous deletion rate of GSTM1/T1 was significantly higher than that in the control group (case group, 76.12 vs. 52.74%, OR=2.856, 95% CI=1.493--5.465, P=0.001; control group, 50.74 vs. 24.66%, OR=3.148, 95% CI=1.712--5.789, P=0.0001); in AML children, homozygous deletion rate of GSTM1 was significantly higher than that in the control group (71.88 vs. 52.74%, OR=2.290, 95% CI=0.992--5.285, P=0.048); comparisons of the homozygous deletion rates between the control group (49.32%) and the AL patients (62.29%) and the AML patients (59.38%) showed no statistically significant difference (P\>0.05).

Alleles C and G in rs9904341C/G of survivin. In the case group and healthy group, the frequencies of C and G alleles wer e 59.3 and 41.7%, 46.7 and 50.3%, respectively, and the coherence comparison showed that the difference had statistical significance (P=0.008). In the case group and healthy group, the frequencies of C/C, C/G and G/G were 38.5, 41.7, 19.8% and 26.5, 46.5, 27.0%, respectively, and the comparison between the two groups showed that the differences had statistical significance (P=0.033). The frequency of C/C genotype (38.5%) in the case group was significantly higher than that (26.5%) in the healthy group, and compared with C/C genotype, C/G and G/G genotypes could decrease the risk coefficient of leukemia.

In the case group and healthy group, the frequencies of C and G alleles on rs8073069C/G in survivin were 30.5 and 69.5, 27.7 and 72.3%, respectively, and the comparison showed that the difference was not statistically significant (P=0.404). In the case group and healthy group, the frequencies of C/C, C/G and G/G were 11, 39.0, 50.0% and 9.0, 37.5, 53.5%, respectively, and the comparison between the two groups showed that the differences were not statistically significant (P=0.62). Compared with C/C genotype, C/G and G/G genotypes showed no influences on the risk of leukemia ([Figs. 2](#f2-etm-0-0-5740){ref-type="fig"} and [3](#f3-etm-0-0-5740){ref-type="fig"}).

Comparison via ABI3730XL sequencer (SeqGen, Inc., Torrance, CA, USA) showed a linkage disequilibrium in the SNPs of survivin, rs9904341 and rs8073069 (D\'=0.628). The most common haplotype was rs9904341C-8073069G, and its frequency in the healthy group was 49.8% following the rs9904341G-8073069C (27.5%), rs9904341G-8073069G (22.5%) and rs9904341C-8073069C (0.2%). In population, the haplotype of rs9904341C-8073069C may result in an increase in risk of onset, and compared with its haplotype, the onset risk of AL could be dramatically decreased in population with rs9904341G-8073069C ([Table I](#tI-etm-0-0-5740){ref-type="table"}).

Discussion
==========

As known, the incidence rate of AL in children is increasing year by year, and AL has become the prevalent malignant tumor in children. The development of AL in children is regulated by multiple genes and affected by a variety of cytokines ([@b21-etm-0-0-5740]). Survivin, a new member of the anti-apoptosis protein family, is a protein with the smallest relative molecular weight in this family, it can directly or indirectly modulate the activity of asparagine-specific proteinase through regulating the cell proliferation, thereby controlling cell apoptosis; survivin is mainly distributed in the malignant tumor tissues, and scarcely or not expressed in the normal tissues ([@b22-etm-0-0-5740]). Survivin gene exhibits tremendous effect on structural variation of amino acid. For example, in α-helical structure of survivin protein, the replacement of lysine (an essential basic amino acid) by glutamic acid (an acidic amino acid with two carboxyl groups) can result in the two kinds of variations in biological functions: First, it can lead to alteration in focal spatial structure; second, it can induce an increase in the number of phosphorylation sites ([@b23-etm-0-0-5740],[@b24-etm-0-0-5740]).

SNP refers to the polymorphism in DNA sequence generated by the mutation of a nucleotide in the chromosome genomes, including the conversion and transversion. Specifically, it involves the changes between the purines and pyrimidines ([@b25-etm-0-0-5740],[@b26-etm-0-0-5740]). SNPs have been used as the 3rd generation of molecular marker with promising development potential ([@b27-etm-0-0-5740]). At present, increasing number of studies have focused on SNPs ([@b28-etm-0-0-5740],[@b29-etm-0-0-5740]). For example, SNPs in promotor regions of 31C/G, −24T/C, −625G/C, −644T/C and 1547A/G, can affect the genetic predisposition of tumors ([@b30-etm-0-0-5740]). Studies have confirmed that the abnormal polymorphism of survivin may be closely related to the metastasis and prognosis of malignant tumors.

In conclusion, the results of this study showed that SNP of rs9904341C/G on survivin may affect the onset risk of AL, and patients with C/C genotype may suffer from an increase in onset of risk. Compared with C/C genotype, C/G and G/G genotype can significantly reduce the onset risk of AL. The results on the rs8073069C/G SNP suggested that this SNP is not correlated with the onset risk of AL. In conclusion, the study on SNPs of survivin can be used for assessment of disease condition and prognosis of AL in children, which can serve as the evidence base for clinical practice.
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###### 

Comparison of the haplotypes of rs9904341 and rs8073069 on survivin between the healthy group and the case group.

  Haplotype             Healthy group (%)   Case group (%)
  --------------------- ------------------- ----------------
  rs9904341C-8073069C     1 (0.2)             44 (12.1)
  rs9904341C-8073069G   199 (49.8)          172 (47.3)
  rs9904341G-8073069C   110 (27.5)            67 (18.4)
  Rs9904341G-8073069G     90 (22.5)           81 (22.3)
